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The extraction process can be done by another process such as maceration, Soxhlet 
extraction and microwave-assisted hydrodistillation. MAH is a type of process can give 
a better end result yield but with lower energy usage (Farhata et al., 2009). Microwave 
heating method also provide a greater heating process because of the heating process 
not only occur at the surface of the material but also occur at entirely and depth of the 
material (Wang & Weller, 2006). MAH process also can contribute in order to reach a 
greener technology as their chemical reaction are gaining an important role in the 
organic synthesis (Begum et al., 2015). 
In the extraction process, each parameter can be depended to each other in the tested 
design.in order to reach the optimum level of the desired result, information on the 
relationship between each parameter is very important. As for this reason, one-factor-at-
a-time method become is not inappropriate because this type of method does not 
provide the interaction between each parameter (Elksibi et al., 2014). But, response 
surface method (RSM) such as Central Composite Design (CCD) can give the 
quantitative data that can provide estimation on the connection between several 
parameters from the model equation generated from the design model. The optimization 
process of the design model, central composite design (CCD), can provide the better 
result as compared to another old-fashioned bioprocess optimization method (Palukurty 
& Somalanka, 2016). 
 
The most significant parameter of MAH for extracting of phytosterol(beta-sitosterol) 
from L. Leucocephala is ethanol solvent concentration and duration of extraction.   
CCD is an empirical model that acts as a tool to optimise the most significant parameter 
to obtain the highest yield.  
 
2.0 METHODS AND MATERIALS 
 
2.1 Plant sample preparation 
L. leucocephala legume pod was collected from Pekan and Kuantan in the year of 2016 
because this plant can grow wild and rapidly. Then, by using distilled water, the legume 
pod was prewashed thoroughly and dried using the paper towel. by using the sample 
grinder, the legume pod was ground to increase the surface area to contact with solvent 
extraction (Namiesnik et al., 2003). 
 
2.2 Extraction process 
Microwave-assisted hydrodistillation(MAH) system was used to perform the extraction 
process. For each extraction process, 20g of pulverized plant sample was weighed to run 
the extraction (Ren et al., 2015). Weighed sample was transferred then into microwave 
1000mL round bottom flasks. Later, 200mL solvent extraction was added into the flask. 
The MAH extraction system was equipped with a temperature control device that can 
adjust the system temperature and condensing unit for the solvent solution (Ren et al., 
2015). The cooling system was set at 16°C to gain the maximum effect of solvent 
condensation. experiment run was performed for 23 CCD run where 8 runs of the 
factorial point, 6 axial points and 5 repetitions of the centre point in a single block. This 
process was performed to optimizes the most significant parameter to obtain the 
maximum yield of phytosteroid. Table 3.4 shows the two significant independent 
variables and their level for the CCD experimental design. For each extraction run, the 
extraction condition was set to the desired extraction condition for the duration of 
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extraction and at the different solvent concentration in Table 1. The power of the 
extraction process was set at 600W and temperature at 75°C. 
 
Table 1: Extraction condition for the CCD process 
Parameters Unit Level -1 +1 
A (x1) solvent concentration 
% V:V 55 95 
B (x2) time of extraction minute 4 8 
 
2.4 Liebermann-Burchard reagent 
5mL of acetic anhydride was transferred into an amber vial and left in an ice bath for 30 
minutes. After that, 0.5mL of sulphuric acid was added carefully into the ice-cold acetic 
anhydride.  
 
2.5 Sample quantitative analysis 
0.5mL chloroform and 4mLethanolic water solvent were added into each cuvette. Then, 
0.1mL of reduced volume sample extraction was added. After that, 2 drops of 
Liebermann-Burchard reagent was added to the solution. Chloroform was added to 
adjust the solution volume. The absorption of each sample was measured by using 
UV/Vis after 5 min addition of LB reagent. Chloroform was used as the measured 
blank. The quantitative method to measure the phytosterol content in the extracted 
sample was also supported by another study by L. B. D. C. Araujo et al., 2013. The UV-
Vis analysis was used to measure the phytosterol concentration in the plant extracted 
sample at 625nm. 
 
2.6 Scanning Electron Microscope (SEM) analysis  
JSM 7800F FESEM facility was used to perform the imaging analysis of the L. 
leucochepala legume pod before and after the extraction process. The sample was 
captured for some magnification level at 500X, 1000X and 2000X. The system used for 
the analysis is EDX X-MAXN OXFORD system and was done on electron microscope 
JEOL, JSM 7800F USA that comes with a thermal field emission SEM high purity 
germanium energy dispersive X-ray detector for capturing and observing the structure 
surface of the sample (Kuppusamy et al., 2014).  
 
3.0 RESULTS AND DISCUSSIONS 
 
The colour changes in the tested sample after the addition of chloroform sulphuric acid 
and acetic anhydride from violet blue to green colour indicate the presence of 
phytosterol in the plant sample (Harborne, 1998). The analysis was set at the 
wavelength value of 625nm because maximum blue oxidation process occurs at 625nm 
(Araujo et al., 2013). The result of the beta-sitosterol concentration present in the plant 














Table 2 : CCD Experimental results beta-sitosterol extraction 
 
 
Figure 1.1 and 1.2 shows the surface of L. leucocephala legume pod before and 
extraction process. It was shown in the after extraction process surface image, the 
structure was crimpled and broken down. Whereas, the image for the raw sample 
surface shows the existent of the cellular wall that likely similar to the image of 
cellulose and hemicellulose structure (Gomez et al., 2008). This proven extraction 
process can break down the sample structure and eventually permitting the desired 
product to be extracted. Chi et al., 2011, also verified that by breaking down the plant 
sample structure MAE also succeeded in extracting the desired product from plant 
sample. 
  
a) L. leucocephala 
Figure 1.1: L. leucocephala surface 
structure before extraction process 
Figure 1.2:L. leucocephala surface 
structure after extraction process 
 
Figure2 shows the calibration curve for the phytosterol concentration in Leucaena 
leucocephala at different concentration ranges from 0.02 to 0.10mg/mL and generate 
Eqn. 1. 
Standard Run Concentration (V:V) Time (min) Phytosteroid 
concentration (mg/mL) 
12 1 75.00 6.00 0.2609 
3 2 75.00 6.00 0.2715 
13 3 75.00 3.17 0.2656 
1 4 75.00 6.00 0.2421 
9 5 75.00 6.00 0.2678 
7 6 75.00 8.83 0.2652 
2 7 75.00 6.00 0.2089 
11 8 55.00 4.00 0.2224 
6 9 55.00 8.00 0.245 
4 10 95.00 4.00 0.2507 
8 11 95.00 8.00 0.0132 
10 12 46.72 6.00 0.255 
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The Design Expert Software was used to predict the statistical significance of 








Table 3: ANOVA for Response Surface Quadratic Model (Partial sum of squares) 
Responses Phytosteroid concentration 
Source Sum ofSquares Df MeanSquare FValue p-valueProb > F 
Model 0.086 5 0.017 8.95 0.0060 (significant) 
A-
Concentration 0.042 1 0.042 21.82 0.0023 
B-Time 5.800E-003 1 5.800E-003 3.02 0.1260 
AB 0.017 1 0.017 8.80 0.0209 
A2 0.027 1 0.027 14.22 0.0070 
B2 2.801E-004 1 2.801E-004 0.15 0.7140 
Residual 0.013 7 1.923E-003   
Lack of Fit 0.011 3 3.603E-003 5.44 0.0677 (not significant) 
Pure Error 2.649E-003 4 6.623E-004   
Cor Total 0.099 12    
R2 0.8647    
Adjusted R2 0.7681     
 
Based on the result in Table 3, the analysis of variance (ANOVA) and 
regression coefficients of phytosteroid concentration shows that the model was 
significant where the p-value is 0.0060 that shows the p < 0.05. Lack of Fit (LOF) 
indicated the tolerability of a model that can be fitted with the experimental result. This 
model lack of fit F-value is 5.44 that suggested only 6.77% chance of lack of fit F-value 
to occur and lack of fit for the model is not significant. In order to have a good model, 
the model must consist of significant p-value but insignificant LOF (Mourabet et 
al.,2014). The p-value of 0.0060 also shows the model was selecting the best optimum 
parameter.  The F-value of the model is 8.95 that exhibitions the selected parameter 
(solvent concentration and duration of extraction) is significant but with low 
probability. Multiple correlation coefficients R2 value of the model is 0.8647 that 
represent 86.47% of variability that emphasizes the predicted model were highly 
explained but only 13.53% of the predicted model was badly explained. High R2 value 
showed a high correlation between the predicted value and experimental data (Roosta et 
al., 2014). 
The second order of equation can predict the maximum concentration value of 
phytosteroid extraction (Lenth, 2009). The equation for the desired model can be 
generated from the experimental model. The positive coefficient indicated the 
synergistic effect of the parameter and undesirable effect of the parameter were 
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represents by the negative coefficient. The phytosteroid concentration can be calculated 
and optimize by applying the empirical model of the significant parameter. Eqn. 3 
shows the empirical relationship between the significant parameter and the final yield of 
phytosteroid from the extracted sample in coded form. Figure 3 shows the normal 
probability plot residual for phytosterol concentration. The plotted graph was shown as 
a straight line that indicated the model normality assumption was contented with the 












Figure 3: Normal Probability plot residual for Phytosterol concentration 
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Figure 4 : The contour and 3D surface plot of the phytosteroid concentration 
Figure 3 represents the phytosteroid concentration based on the changes in the ethanol 
concentration and time duration of the extraction process. From the experiment model, 
it shows that ethanol solvent concentration(F-value=21.82) is the most significant 








MAH process can perform the extraction of plant phytosterol such as beta-sitosterol. 
Central composite design (CCD) was able to study the optimum parameter of the 
extraction process to extract phytosteroid (beta-sitosterol) in Leucaena leucocephala 
legume pod by using Design Expert 7.0. Ethanol has been using as the plant extraction 
solvent because of it safe and effectively act as the extraction solvent to extract the 
desired product. The CCD model term is significant. This is because the values for Prob 
> F is 0.006 which is less than 0.0500. From the value for lack of fit F-value (5.44) 
show only 6.77% chances to occur failure. The model only runs for two parameters 
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